Predictive equations of pre-harvest nutritive attributes of alfalfa (Medicago sativa L.)-grass mixtures using simple plant or climate data were developed in New York State for the spring growth, but they must be validated before being used outside their development area. Our objective was to validate these predictive equations for their use in Quebec, Canada. Samples (n = 679) of alfalfa-grass mixtures were collected during spring growth at three sites for 2 consecutive years and analyzed for several nutritive attributes. Alfalfa maximum height, the most mature stage of development of alfalfa, growing degree days, grass proportion, and grass maximum height were also measured and used as input in several existing predictive equations. Predicted values were then compared with laboratory-determined values using several validation statistics. The most promising predictive equations of neutral detergent fiber (NDF) and acid detergent fiber concentrations, relative feed value, and relative forage quality had coefficients of determination (r 2 ) of the linear regression between observed and predicted values between 0.74 and 0.81, and an index of agreement (d) between 0.87 and 0.93. Several equations were, however, significantly biased as indicated by slopes and intercepts of the regressions. The NDF digestibility was not predicted satisfactorily with the New York State equations. Among all equations evaluated, an equation for NDF concentration has the most potential for use to predict the spring growth pre-harvest nutritive value of alfalfa-grass mixtures in Quebec.
O ne approach for dairy producers to increase the profitability of their operation is to better manage their costs, particularly feed costs. In that respect, forage nutritive value is a key component of profitable dairy production with forage neutral detergent fiber (NDF) concentration being critical. The optimal forage NDF concentration will vary depending on the type and level of production of the animal but is generally 400 g kg -1 dry matter (DM) for alfalfa (Undersander et al., 2004; Parsons et al., 2009 ) and 500 to 550 g kg -1 DM for grasses (Cherney et al., 2006) ; deviation from these values having potentially large impact on animal productivity and thus farm profitability. It is therefore critical to harvest forages at the right time to optimize their nutritive value, which allows dairy producers to maximize their milk production per unit area and thus reduce their requirements for costly concentrated feeds needed to meet their cows' nutrient requirements.
Several methods have been developed to estimate the alfalfa NDF concentration in the field and thus determine optimal harvest time, including models based on weather and stage of development (Fick and Onstad, 1988; Fick et al., 1994; Allen Validation of Predictive Equations of Pre-Harvest Forage Nutritive Value for Alfalfa-Grass Mixtures and Beck, 1996) . However, Cherney (1995) demonstrated that the relation between stage of development of a forage species and its NDF concentration was not always reliable. Under certain conditions, especially a drought stress, alfalfa development may be greatly reduced, whereas its nutritive value continues to decrease. The accumulation of growing degree days (GDD) is also linked to forage stage of development and nutritive value (Allen and Beck, 1996) ; however, the relation between cumulated GDD and forage NDF concentration can also be affected by environmental conditions (Sanderson, 1992) .
More robust predictive equations of alfalfa nutritive attributes based on multiple variables have been developed in the United States. Hintz and Albrecht (1991) developed the Predictive Equation for Alfalfa Quality (PEAQ) equations that are based on alfalfa height in addition to stage of development, and allow the pre-harvest prediction of NDF and acid detergent fiber (ADF) concentrations of field-grown alfalfa. The use of these equations has been reported to provide robust predictions of alfalfa fiber concentrations in several regions of the United States (California, New Mexico, New York, Ohio, Pennsylvania, and Wisconsin; Sulc et al., 1997; SantillanoCázares et al., 2014) , Mexico (Santillano-Cázares et al., 2014) , and Europe (Hakl et al., 2010; Andrzejewska et al., 2014) . Region-specific predictive equations were also developed successfully leading in some cases to even better predictive abilities (Sulc et al., 1997; Parsons et al., 2006a; Hakl et al., 2010) .
In the province of Quebec, Canada, more than 80% of the alfalfa is grown in mixture with grasses (R. Berthiaume, personal communication, 2015) , which makes the estimation of forage pre-harvest nutritive value more complex. Indeed, there is a large variation in proportions of alfalfa when grown in mixture with grasses across fields. In addition, the development and fiber accumulation varies between alfalfa and grass species. Thus, the original PEAQ equation developed for pure alfalfa has limited potential for use in Quebec. Parsons et al. (2006b Parsons et al. ( , 2013 developed equations that can be used to predict several spring growth pre-harvest nutritive attributes of alfalfa-grass mixtures in New York State. Equations incorporating grass fraction and maximum alfalfa height could be used to predict NDF and ADF concentrations as well as the relative feed value (RFV), whereas the incorporation of cumulated GDD improved the accuracy of predictive equations developed for in vitro NDF digestibility (NDFd) and relative forage quality (RFQ).
Predictive equations developed by Parsons et al. (2006b Parsons et al. ( , 2013 could be useful for Quebec forage producers, allowing them to determine the optimal harvest time. However, it is essential to validate the use of these predictive equations under growing conditions in Quebec. To our knowledge, Parsons et al. (2006b Parsons et al. ( , 2013 predictive equations for alfalfa-grass mixtures have not been validated for use outside of New York State. Thus, our objective was to validate predictive equations of spring growth pre-harvest nutritive attributes of alfalfagrass mixtures for use in Quebec.
MATeRIALS And MeTHodS

Field description
Plots of alfalfa-grass mixtures were sown in May 2014 at three climatically contrasted locations: Sainte-Anne-de-Bellevue, QC (45°43´ N, 73°94´ W; 2100 cumulated GDD5 [cumulated growing degree days based on 5°C]) on a Chateauguay clay loam soil; Lévis, QC (46° 80´ N; 71° 09´ W; 1700 cumulated GDD5) on a Kamouraska clay soil; and Normandin, QC (48° 50´ N, 72° 32´ W; 1350 cumulated GDD5) on a Labarre clay loam soil. Two series of 16 plots (8 treatments × 2 blocks) were sown at each site with one to be sampled in 2015 and the other in 2016. Each series of plots was established with eight treatments consisting of mixtures of alfalfa cv. Calypso with timothy (Phleum pratense L. cv. AC Alliance) or tall fescue [Schedonorus arundinaceus (Schreb.) Dumort., formerly Festuca arundinacea Schreb. cv. Courtenay) sown in the following proportions: 80:20, 60:40, 40:60, and 20:80 . Plots were randomly assigned to a randomized complete block design with two replicates. Each plot measured a minimum of 1.3 × 5 m; the exact size depending on the site.
Sowing was done using a Fabro 7-row seeder (Swift Current, SK, Canada) at Sainte-Anne-de-Bellevue and a Carter 5-row seeder (Brookston, IN) at Lévis and Normandin. Seeding rate varied by treatment and was based on weight of pure live seeds. Plots with alfalfa and timothy proportions of 80:20, 60:40, 40:60, and 20:80 were, respectively, sown at the following rates: 12.8 and 3.2, 9.6 and 6.4, 6.4 and 9.6, and 3.2 and 12.8 kg ha -1 . Plots with 80:20, 60:40, 40:60, and 20 :80 of alfalfa and tall fescue were respectively sown at the following rates: 15.2 and 3. 8, 11.4 and 7.6, 7.6 and 11.4, and 3.8 and 15 .2 kg ha -1 . Fertilization with K and P was based on soil tests taken prior to seeding and following local recommendations (CRAAQ, 2010) ; no N fertilizer was applied. All plots were harvested at the early flowering stage of alfalfa in 2014, the year preceding sampling, and in 2015 for the plots to be sampled in 2016.
Forage Sampling
Each plot was sampled twice a week for 4 or 5 wk (depending on alfalfa stage of development) during the spring growth, starting when the alfalfa reached an average height of 40 cm. A 50 × 50 cm quadrat was used to collect one sample on each sampling date. A total of 416 forage samples were collected each year for a total of 832.
Within quadrats, the data collected included: alfalfa maximum height (AMAXHT; length in cm of the tallest alfalfa stem from the ground to the terminal bud once fully extended), alfalfa most mature stage (ASTAGE, stage of development of the most mature alfalfa stem based on Kalu and Fick, 1981) , and grass maximum height (GMAXHT, length in cm of the tallest grass stem from the ground to the tip of the lastly emerged grass leaf). Samples were cut using scissors at a height of 7.5 cm and later separated by hand into grass, alfalfa, and weed components, bagged, and dried at 55°C for 72 h. The actual grass fraction was calculated based on the weight of the dried grass against the weight of the total dried sample (GFRAC). The grass fraction group (GGRP) was defined as the 20% interval (i.e., 20, 40, 60, or 80%) that was closest to the GFRAC value. The Julian date (or DOY, day of year; number of days from the start of the year) at time of sampling was noted and data for the calculation of cumulated GDD was collected from weather stations located at each site. Growing degree days in °C (base temperatures of 0 and 5°C; GDD0 and GDD5) were calculated for each experimental day with temperature data beginning to accumulate after 5 consecutive days of positive cumulative values. The data collected and mean, range, and standard deviation for each variable determined are presented in Table 1 .
Chemical Analyses
After the samples were dried at 55°C for 72 h, alfalfa and grass fractions were recombined and ground using a Wiley mill (Standard model 4, Arthur H. Thomas Co., Swedesboro, NJ) to pass through a 1-mm screen. Ground forage samples from all sites were scanned by visible near infrared reflectance spectroscopy (VNIRS) using a NIRS DS2500 monochromator instrument (Foss NIRSystems Inc., Silver Spring, MD) with a small cup containing approximately 50 mL of forage sample. A calibration set of 58 samples collected in 2015 plus 62 samples collected in 2016, and a validation set of 18 samples collected in 2015 plus 12 samples collected in 2016 were selected by the WinISI software version 4.5.0.1407 (Infrasoft International, LLC, Silver Spring, MD). These sets were chemically analyzed for the concentrations of ADF, neutral detergent fiber analyzed using heat stable α-amylase (aNDF), total nitrogen (TN) to be converted to crude protein (CP), ether extract, and in vitro neutral detergent fiber digestibility (NDFd).
The NDF concentration was analyzed using heat stable α-amylase and sodium sulfite as per Van Soest et al. (1991) followed by ashing of the fiber residue to provide results corrected for the ash content of the fiber residue (aNDFom) (Mertens, 2011) . The ADF concentration was determined using method 973.18 of the Association of Official Analytical Chemists (AOAC, 1990) followed by ADFom. The aNDFom and acid detergent fiber corrected for the ash content of the fiber residue (ADFom) procedures were done with an Ankom200 Fiber Analyzer (Ankom Technology, Macedon, NY) using F57 filter bags. The ether extract determinations were performed using an Ankom XT15 Extractor (Ankom Technology, Macedon, NY) and XT4 filter bags following the AOCS procedure method AM 5-04 (AOCS, 2003) . To determine TN concentration, a modified version of Isaac and Johnson (1976) protocol was used to extract N from plant material and an autoanalyser (QuikChem 8000 Lachat Zellweger Analytics, Inc., Lachat Instruments, Milwaukee, WI) was then used to measure TN. Crude protein concentration was estimated as follows: CP = TN × 6.25. The in vitro neutral detergent fiber digestibility corrected for the ash content of the residue (NDFdom) was determined using a 48-h incubation with buffered rumen fluid followed by an aNDF determination of the post-digestion residues (Goering and Van Soest, 1970) ; this was then followed by ashing of the fiber residue to provide results corrected for the ash content of the fiber residue. The rumen fluid incubation was performed by following the Ankom protocol utilizing bath incubation along with the Ankom Daisy II incubator and Ankom F57 filter (Ankom Technology, NY). Rumen fluid was collected from a fistulated dairy cow. Finally, samples were analyzed for DM and ash concentrations using a thermogravimetric analyzer (model TGA701, Leco Corporation, St. Joseph, MI).
Concentrations of ADF, aNDF, and NDFd were corrected for the ash content of the fiber residue as it is now the standard procedure used by several laboratories in the province of Quebec; however, it is unclear if Parsons et al. (2006b Parsons et al. ( , 2013 used this correction. The nutritive attributes described above, except ether extract, were thereafter predicted for all forage samples using VNIRS (WinISI software version 4.5.0.1407, Infrasoft International, LLC, Silver Spring, MD). The VNIRS prediction of each nutritive attribute was considered successful because the ratio of prediction to deviation (RPD = ratio of standard deviation of the reference data used in the validation set to standard error of prediction corrected for bias) was greater than 3 (Nie et al., 2009) ; the RDP values were 4.4 for NDFdom, 4.7 for ADFom, 5.3 for aNDFom, and 5.4 for CP. Finally, values for RFV and RFQ for all samples were calculated using the Excel spreadsheet Milk2013 (Undersander et al., 2013) .
Statistical Analysis
To ensure that only alfalfa-grass mixed samples were used, only samples with ≥10% grass and ≤90% grass were selected, resulting in a total of 679 samples. Data were entered into different equations from Parsons et al. (2006b Parsons et al. ( , 2013 ; Tables 2-4) (later collectively referred to as NYPEAQ) and the predicted values obtained using each equation were compared with the nutritive attribute values determined in the laboratory using VNIRS (later referred to as observed values). The equations developed by Parsons et al. (2006b) provide results on g kg -1 DM basis; however, equations developed by Parsons et al. (2013) provide results on a % DM basis and are based on measurements made using the imperial system. To ensure consistency, Parsons et al. (2013) equations were adjusted through modification of intercepts and coefficients to report all results herein on a g kg -1 DM basis and using the metric system. The equations were validated by linearly regressing observed values on the corresponding values predicted by the various equations developed by Parsons et al. (2006b Parsons et al. ( , 2013 using the REG procedure in SAS (SAS version 9.4, SAS Institute, Cary, NC). The slope (b) and intercept (a) of all regression lines were determined and tested for the hypothesis that the slope was not significantly different from 1.0 and the intercept was not significantly different from 0. A perfect prediction equation would have a slope of 1.0 and an intercept of 0. The coefficient of determination (r 2 ) of the linear regression between observed and predicted values was determined along with the root mean square error (RMSE) with lower values being preferred when comparing predictive equations. At the onset Table 1 . Descriptive statistics for alfalfa-grass mixture samples (n = 679) collected at three sites in Quebec, Canada, and used to validate predictive equations for forage nutritive attributes developed in New York State (Parsons et al., 2006b (Parsons et al., , 2013 of experimentation, we established that r 2 values greater than 0.75 would be the minimum acceptable to determine that the NYPEAQ equations could be used in Quebec. The index of agreement (d), a statistic that reports on the degree of accuracy of the prediction (Willmott, 1982) , was also calculated to further define the relation between observed and predicted values. It varies between 0 and 1.0, with 1.0 indicating a perfect agreement between observed and predicted values, whereas 0 indicates a complete disagreement. Finally, the proportion of forage samples with predicted nutritive attribute values falling within different lower and upper deviation limits relative to observed values were also determined for selected predictive equations.
ReSULTS And dISCUSSIon neutral detergent Fiber (andFom)
Based on r 2 values, the best predictive equation for forage aNDFom concentration was Eq. [2] (r 2 = 0.81; Table 2 ). This equation also had the lowest RMSE (29.1 g kg -1 DM). The index of agreement (d), which indicates the goodness of fit of a model, was very good with a value of 0.92. Based on these statistics, Eq.
[2] was a strong predictive equation as it has the highest r 2 and a high d value. However, the accuracy of its predictions was not the best based on its slope (b = 0.76) and intercept (a = 92 g kg -1 DM) when compared with the other equations. Predictions with this equation become less accurate as the forage matures and the aNDFom concentration increases (Fig. 1a) . A total of 62% of the predicted values were within ± 30 g kg -1 DM of observed values (Table 5) .
Equation [7] also had interesting validation statistics with the third largest coefficient of determination (r 2 = 0.77), a RMSE of 32.3 g kg -1 DM, the largest slope coefficient (b = 0.99), and the smallest intercept coefficient (a = 36 g kg -1 DM) (Table 2 ). However, the d value (0.87) was among the lowest of the equations evaluated. This equation consistently overpredicted values across the range of observed aNDFom values (Fig. 1b) and only 48% of all the predicted values were within ± 30 g kg -1 DM of observed values (Table 5) .
Equations (Table 5 ). Equation [6] also had the third lowest RMSE, the second highest slope coefficient (b = 0.89), the second lowest intercept (a = 51 g kg -1 DM), and less biases in predicting average aNDFom values, when compared with other equations (Fig. 1c) . Equation [1] had the third highest slope coefficient (Parsons et al., 2006b (Parsons et al., , 2013 with data from alfalfa-grass mixture samples collected at three sites in Quebec, Canada. The predictive equations were used to predict neutral detergent fiber assayed with α-amylase and corrected for the ash content of the residue (aNDFom, g kg -1 DM) (n = 679). The predictive equations from Parsons et al. (2013) were modified to provide results in g kg -1 DM. Kalu and Fick (1981) ; DOY, day of year; GDD0, cumulated growing degree days based on 0°C; GDD5, cumulated growing degree days based on 5°C; GFRAC, grass fraction of sample written as a decimal (e.g., 0.1 or 0.6); GGRP, grass fraction group written as a decimal (e.g., possible values are 0.2, 0.4, 0.6, and 0.8 with actual values assigned to the nearest value, for example 0.16 is assigned to 0.20); GMAXHT, grass maximum height (cm).
(b = 0.77) and an average intercept coefficient (a = 101 g kg -1 DM) compared with other equations (Table 2; Fig. 1d) .
Some of the validation statistics observed when testing the use of NYPEAQ equations to predict pre-harvest aNDFom concentration of alfalfa-grass mixture samples collected in Quebec are generally comparable to those reported when other predictive equations of forage nutritive value were tested in a range of environments. Parsons et al. (2006b) , using equations developed to predict the NDF concentration of alfalfa-grass mixture samples in New York State, reported r 2 values ranging between 0.85 and 0.95, and RMSE ranging between 19.5 and 34.2 g kg -1 DM, depending on the equation, the variables included, and the dataset used to test equations. To our knowledge, the equations developed by Parsons et al. (2006b Parsons et al. ( , 2013 for predicting aNDF concentrations in alfalfa-grass mixtures were not evaluated in regions other than New York State. Our validation results, however, are generally comparable to those reported by others that validated the use of aNDF predictive equations for pure alfalfa in multiple regions. For example, Sulc et al. (1997) evaluated the use of the original PEAQ equation (Hintz and Albrecht, 1991) to predict the aNDF concentration of pure alfalfa in multiple states of the United States and they reported lower RMSE values by an average 7.4 g kg -1 DM and r 2 values similar to ours with the exception of the results from New York State that had a higher r 2 . In contrast, Andrzejewska et al. (2014) in Poland, who also tested the original PEAQ equation (Hintz and Albrecht, 1991) and a one-variable equation based on alfalfa maximum height (Parsons et al., 2006a) in pure alfalfa, reported higher r 2 values (i.e., 0.92 and 0.88) and lower RMSE values (i.e., 16.2 and 19.5 g kg -1 DM) than those we observed.
Acid detergent Fiber (AdFom)
Equation [15] had the highest r 2 value (0.81) and the second highest d value (0.92) of the five equations tested for predicting ADFom concentration but the lowest RMSE, one of the smallest slope (b = 0.68) and the second largest intercept (a = 97 g kg -1 DM), indicating significant bias (Table 3) . Equation [15] under-predicted lower values and over predicted higher values of ADFom concentration (Fig. 2a) ; 78% of the predicted values were within ±30 g kg -1 DM of observed values (Table 5) .
The best predictive equation of ADFom concentration based on the slope and intercept that met our minimum threshold of r 2 ≥ 0.75 was Eq. [11] ( (Parsons et al., 2013) with data from alfalfa-grass mixture samples collected at three sites in Quebec, Canada. The predictive equations were used to predict acid detergent fiber corrected for the ash content of the residue (ADFom, g kg -1 DM) and in vitro neutral detergent fiber digestibility based on 48-h incubation and corrected for the ash content of the residue (NDFdom, g kg -1 aNDFom) (n = 679). The predictive equations were modified to provide results in g kg -1 DM or g kg -1 aNDFom. Kalu and Fick (1981) ; DOY, day of year; GDD0, cumulated growing degree days based on 0°C; GDD5, cumulated growing degree days based on 5°C; GFRAC, grass fraction of sample written as a decimal (e.g., 0.1 or 0.6); GGRP, grass fraction group written as a decimal (e.g., possible values are 0.2, 0.4, 0.6, and 0.8 with actual values assigned to the nearest value, for example 0.16 is assigned to 0.20); GMAXHT, grass maximum height (cm).
the least biased when compared with other equations that met our minimum r 2 threshold (Fig. 2b) .
The r 2 values obtained for ADFom predictions in alfalfagrass mixtures were in some cases comparable to those reported when the original PEAQ equation to predict ADF concentration of pure alfalfa stands (Hintz and Albrecht, 1991) was used in multiple states in the United States by Sulc et al. (1997) , with the exception of a much higher value (r 2 = 0.89) for New York State. Our RMSE values with Eq.
[13] and [15] were similar to those reported by Sulc et al. (1997) . However, the remaining three equations all had slightly larger RSME values, although this difference was minimal (2.4 g kg -1 DM on average). In Poland, Andrzejewska et al. (2014) reported an r 2 value of 0.92 when testing data from pure alfalfa fields using the original PEAQ equation (Hintz and Albrecht, (1991) and a RMSE of 12.8 g kg -1 DM; this r 2 value is greater, whereas the RMSE value is lower than those we observed. The overall better results reported in multiple environments for the use of predictive equations for pure alfalfa ADF concentration compared with results observed herein for the use of similar equations to predict ADFom concentration of alfalfa-grass mixtures might be associated with the greater variation observed with mixed forage species compared with single species samples.
In vitro neutral detergent Fiber digestibility (ndFdom)
The best equation for predicting NDFdom based on r 2 values was Eq. [18] (r 2 = 0.73; Table 3 ). The other equations had much lower r 2 values (0.52-0.54). Equation [18] also had the lowest RMSE and a slope closest to 1 (b = 1.11) compared with the other NDFdom predictive equations. To our knowledge, no other studies have previously validated the use of equations to predict pre-harvest NDFdom with which we could compare our results. None of the equations developed by Parsons et al. (2013) for predicting NDFd in alfalfa-grass mixtures met our a priori minimum threshold (r 2 ≥ 0.75), and all had a significant bias in predicted values and very low d values.
Relative Feed value (RFv)
Three of five equations predicting RFV met our minimum threshold (r 2 ≥ 0.75; Table 4 ). Equation [25] had the highest r 2 (0.78), the lowest RMSE (12.9 units), and the second largest index of agreement (d = 0.87). However, the slope was the smallest (b = 0.58) and it had one of the largest intercept (a = 47 units) of the five RFV predictive equations, indicating significant bias in predicted values with under predictions at the lowest values and over predictions at the highest values (Fig. 3a) . A total of 73% of the predicted values were within ±30 units of observed values (Table 5) .
The best RFV predictive equation based on slope and intercept was Eq.
[22], which had a r 2 value of 0.75 and the third (Parsons et al., 2013) for relative feed value (RFV, score unit) and relative forage quality (RFQ, score unit) with data from alfalfa-grass mixture samples collected at three sites in Quebec, Canada (n = 679). Kalu and Fick (1981) ; DOY, day of year; GDD0, cumulated growing degree days based on 0°C; GDD5, cumulated growing degree days based on 5°C; GFRAC, grass fraction of sample written as a decimal (e.g., 0.1 or 0.6); GGRP, grass fraction group written as a decimal (e.g., possible values are 0.2, 0.4, 0.6, and 0.8 with actual values assigned to the nearest value, for example 0.16 is assigned to 0.20); GMAXHT, grass maximum height (cm).
highest RMSE at 13.9 units (Table 4) . Although this equation had the best slope and intercept values (b = 0.83 and a = −9 units), the bias remained significant (Fig. 3b) . In addition, Eq.
[22] had the smallest d value (0.68) of the five RFV predictive equations (Table 4) , and only 32% of the predicted values were within ±30 units of observed values (Table 5 ). The important bias associated with the use of this equation could limit its potential use in the province of Quebec, despite meeting our a priori minimum r 2 threshold. As with NDFdom, there are no other studies that have looked at validating the use of predictive equations of RFV with which we can draw comparisons.
Relative Forage Quality (RFQ)
Three of the five equations (Eq. [26], [28] , and [30]) predicting RFQ met our minimum r 2 threshold value (Table 4) . Among those three equations, Eq. [30] had the highest r 2 value (0.80) along with the lowest RMSE (17.2 units) and the second highest index of agreement (d = 0.86). The slope (b = 0.65) and intercept (a = 32 units) indicated bias, which was smallest at lower RFQ values, but increased for higher values (Fig. 4a) . A total of 54% of the predicted values were within ±30 units of observed values (Table 5) .
Among the predictive equations that met our minimum r 2 threshold, Eq. (Table 4) . Equation [26] , however, over-predicted values (Fig. 4b) , with 46% of the predicted values being within ±30 units of observed values (Table 5) .
Equation [28] also appeared to have potential, having the largest index of agreement value (d = 0.89), the second largest r 2 value (0.77) (Table 4) , and the largest proportion (68%) of predicted values within ±30 units of observed values (Table  5) . It also ranked third in terms of bias as illustrated by the slope and intercept values (b = 0.67; a = 35 units) (Fig. 4c) . As with NDFdom and RFV, there are no other studies that have attempted to validate RFQ predictive equations with which we can draw comparisons.
practical Implications and General discussion
Some of the equations developed by Parsons et al. (2006b Parsons et al. ( , 2013 to predict pre-harvest forage nutritive attributes of alfalfagrass mixtures during the spring growth appear to have potential for use in the province of Quebec and could become a useful tool to help producers determine the optimal time to harvest their forages at the first cut. However, all had some limitations, most notably a bias for most nutritive attributes. For a given attribute, the choice of a specific predictive equation to be used in Quebec will depend on several factors, including: (i) the purpose of using the equation and how accurate the prediction must be (i.e., production or research conditions); (ii) the equation ease of use with respect to measured variables required to make the prediction; and (iii) statistics associated with the equation during validation. The choice of using a specific predictive equation will depend on the weight given to these three criteria.
In the case of predicting aNDFom concentration in alfalfagrass mixtures, Eq. [1], [2], [6], and [7] are the most promising (Table 2 ). All four equations included comparable variables, namely GFRAC and AMAXHT or GMAXHT, but only Eq.
[2] included GDD, which could be more difficult to retrieve for some potential users. In addition, adding GGD5 to GFRAC and AMAXHT in Eq. [2] did not improve predictions, as it resulted in a larger bias as demonstrated by a low slope coefficient value. Equation [7] does not consider any alfalfa variables, as it takes into account only GFRAC and GMAXHT, two variables associated with the grasses in the mixture. Predicting the aNDFom concentration of alfalfa-grass mixtures without a variable associated with alfalfa is not desirable. Although Eq.
[2] and [7] had some of the best values in terms of r 2 and RMSE statistics, they also had some of the largest bias as demonstrated by low slope coefficient values (Table 2 and Fig. 1 ). In the case of Eq.
[1] and [6], their r 2 and RMSE values were not as desirable (Eq. [6] actually having an r 2 just below our threshold), but their bias was smaller, especially for values around our observed mean aNDFom concentration (437 g kg -1 DM) and they had some of the largest index of agreement values we observed (0.93 and 0.92, respectively). Equations [1] and [6] had very similar validation statistics, but because of its greater slope and lower intercept, Eq. [6] might be preferred for predicting aNDFom concentration in alfalfa-grass mixtures. Equation [6] had an r 2 value just below our pre-established r 2 value of 0.75; however, it had the best overall statistics and thus appears to be the most accurate to estimate pre-harvest aNDFom concentration in alfalfa-grass mixture spring growth in Quebec.
Some of the NYPEAQ predictive equations for ADFom concentration in alfalfa-grass mixtures also could have potential for use in the province of Quebec. Equation [11] appears to be the strongest for use in Quebec, as it is a relatively simple two-variable equation with the best overall predictive capabilities and the lowest bias of the equations to predict ADF concentration (Table 3 and Fig. 2b ). This equation takes into account GFRAC and AMAXHT, and adding GGD0 to GFRAC and AMAXHT did not improve predictions. Potential users of this equation in Quebec, however, should be aware of bias in the predicted values when using this equation.
For RFV of alfalfa-grass mixtures, Eq.
[22] and [25] were the most promising, but both were associated with a significant bias in predicted values (Table 4 and Fig. 3 ). In addition, the index of agreement of Eq. [22] was very low being of only 0.68. Equation [22] does not consider any alfalfa variables as it takes into account only GFRAC and GMAXHT, two variables associated with the grasses in the mixture. As we concluded for aNDFom, predicting the RFV of alfalfa-grass mixtures without a variable associated with alfalfa is not desirable. Thus, Eq.
[25] appears to be more promising, but it has a significant bias and it could be difficult to use because some as it requires the determination of cumulated GDD0.
For RFQ of alfalfa-grass mixtures, Eq.
[28] appears to be the most promising equation for use in Quebec, having good statistics of prediction and requiring simple variables (Table 4) . However, as mentioned for other predictive equations, it was associated with a significant bias over-predicting higher values. Finally, none of the predictive equations for NDFdom in alfalfagrass mixtures developed by Parsons et al. (2013) had acceptable statistics of prediction and thus none should be used in Quebec.
The significant bias associated with several NYPEAQ equations could be due to a range of factors. A greater range in Table 5 . Proportion of forage samples (n = 679) with predicted nutritive attribute concentrations (neutral detergent fiber assayed with α-amylase and corrected for the ash content of the residue, aNDFom, g kg -1 DM; acid detergent fiber corrected for the ash content of the residue, ADFom, g kg -1 DM) or values (relative feed value, RFV, score unit; relative forage quality, RFQ, score unit) falling within different lower and upper deviation limits relative to observed values for selected predictive equations developed by Parsons et al. (2006b Parsons et al. ( , 2013 . Equation numbers refer to numbers in Tables 2 to 4 . Each deviation range proportion is inclusive of lower ranges. maturity of alfalfa (developmental stages 2-7, Table 1 ) was used in the present study than that of Parsons et al. (2006b and , who sampled alfalfa from developmental stages of 1 to 4. The over-prediction of many equations for aNDFom, ADFom, RFV, and RFQ occurred with higher values corresponding to later stages of development, whereas all values for NDFdom were under-predicted. Other possible reasons for this bias and tendency to over-predict values could be associated with differences in the predominant grass species that were used or due to inter-laboratory differences often observed in results for some attributes. Although Parsons et al. (2006b) reported using in part samples from experimental plots of alfalfa mixtures with timothy, orchardgrass (Dactylis glomerata L.), and reed canarygrass (Phalaris arundinacea L.), we used alfalfa mixtures with either tall fescue or timothy. Differences in growth patterns and development of grass species, which impact changes in the accumulation of cellulose, hemicellulose, and lignin components, might affect the evolution of forage nutritive attributes as swards mature. It would be expected that such differences increase with time (Cherney et al., 1993; Karn et al., 2006) . Within Quebec, it is important that the significant bias observed with several predictive equations be considered before using many of the equations evaluated herein. If the goal is to use equations to determine when to harvest a field in the spring, the use of Eq. [6] predicting aNDFom could be sufficient, as it was the equation with the best overall statistics, including one of the smallest biases. If the determination of other nutritive attributes is a goal, then the adjustment of equations to correct predictions for the bias should be considered.
ConCLUSIonS
Some of the equations developed in New York State could be used in Quebec to predict the spring pre-harvest aNDFom and ADFom concentrations of alfalfa-grass mixtures, as well as RFV and RFQ values, but not to predict NDFdom. Some equations resulted in a significant bias, primarily for high values associated with later stages of development, but it would have limited impact if they were used strictly to predict preharvest nutritive value, as stands would most likely be harvested before such later stages. Among all predictive equations evaluated herein, Eq. [6] [aNDFom = 125 + (224 × GFRAC) + (3.15 × AMAXHT)] is the most promising to estimate preharvest nutritive value of alfalfa-grass mixture spring growth in Quebec. Despite the potential of the NYPEAQ equations for predicting several nutritive attributes of the spring growth in Quebec, further research is required to develop equations to predict pre-harvest forage nutritive attributes of alfalfa-grass mixtures for multiple regrowths. Our results confirm our hypothesis that some NYPEAQ equations would be considered valid for use in Quebec. It should, however, be reminded to potential users that these equations should only be viewed as an aid to determine when to best harvest a mixed alfalfa-grass stand and not to replace laboratory analyses to determine more precisely the nutritive value of the stored forage as required for ration formulation.
